ABSTRACT Three hundred broiler chicks (Hubbard) of both sexes were assigned to five feeding treatments: T0 received a complete diet (control), T1 was a choice feeding system with simultaneous access to an energyrich feed (ground corn) and a protein concentrate (43.7% CP), and T2, T3, and T4 were introduced to choice feeding after 1, 3, and 5 wk, respectively, of consuming the complete diet. At 1-d-old, T1 chicks showed a marked preference for corn, with only 21.4% of their intake being the protein concentrate diet. Intake of the concentrate progressively increased to 40 to 45% after 3 d of adaptation, resulting in diets with 22.5 to 24.3% CP.
INTRODUCTION
There is evidence that both wild and domesticated fowl are able to adjust their nutrient intake by selecting from a range of feedstuffs a diet that matches their physiological requirements (Hughes, 1984) . Although temptation to take advantage of this ability in intensive poultry production by using free choice feeding methods may be considerable (Mastika and Cumming, 1987; Forbes and Shariatmadari, 1994; 1994 , 1995 , the mode of formation and the functions of selection mechanisms are not clear (Elkin et al., 1985; Blundell and Hill, 1987; Steinrü ck and Kirchgessner, 1993) . Hughes (1979) suggested that the control system may be fixed and present in all members of the species, or it may be flexible and develop in a particular individual according to prior experiences. Adret- Hausberger and Cumming (1987) reported that in young broilers living in groups, individuals learn from each other and adapt energy and protein balance to their individual needs. This observation suggests a noticeable influence of the social experience on the ability to balance diets.
To evaluate short-term reactions of broilers in a choice situation, Picard et al. (1993) offered the birds simultaneous access to a balanced diet and another diet made deficient in lysine, methionine, and tryptophan. Broilers exhibited a marked preference for the balanced diet with a delay of less than 1 to 7 h, which varied according to their previous experience. When laying hens were given a choice between a deficient (8% CP) and a balanced (17% CP) diet, they selected the latter diet before any postingestional effect could occur, regardless of whether they had not been deficient or had any experience with these diets (Steinrü ck and Kirchgessner, 1993) .
Experiments offering a choice between a "balanced" and an "unbalanced" diet constitute too simplistic a paradigm of dietary selection. In nature or under practice conditions, chickens are faced with different feedstuffs that are, individually, incomplete and the challenge consists of evaluating all the feedstuffs present and selecting from them an adequate diet. Choice feeding systems used in practice offer simultaneous access to high protein and high energy diets. For laying hens, a calcium-rich diet can also be offered. There is a dearth of information on short-term adaptation to choice feeding systems. When 3-wk-old broilers were offered a choice of whole sorghum and a protein concentrate (41.6% CP), those inexperienced in choice feeding were less efficient than experienced ones in adjusting their intake of the diets (Mastika and Cumming, 1987) . Yo et al. (1994) observed that 4-wk-old broilers introduced to choice feeding with whole corn and a protein concentrate (40.7% CP) needed about 1 wk of adaptation to correctly adjust their intake. However, the existence of a relatively long learning period during these experiments was probably because the inexperienced broilers were not familiar with whole grains. The experiment reported here was an attempt to explore the ability of broilers to adapt to choice situations by introducing them, at different ages, to an energy and protein choice regimen without changing the physical form or the composition of their diets.
MATERIALS AND METHODS

Procedures
At hatch, 300 broilers (Hubbard) of both sexes were transferred from a hatchery located in Abidjan to the experimental station in Bouaké (400 km). During the 1st d after hatching, chicks received neither feed nor water. On the 2nd d they were wing-banded in 15 groups of 20 birds each and assigned to 6 m 2 floor pens with rice hulls as litter, where they remained until the end of the experiment. During the 1st wk, pen temperature was maintained at 32 to 35 C. Thereafter, room temperature varied from a low of 23.8 ± 1.0 C to a high 32.1 ± 1.3 C. Feed and water were always available and the lighting period was 20 h/d.
Five dietary treatments were randomly assigned to the pens, i.e., each treatment was replicated in three pens. Controls (T0) were fed a complete diet through the entire experimental period (1 to 42 d). During the 6 wk of the experiment, broilers assigned to T1 had access to a choice feeding system consisting of an energy-rich (ground corn) and a protein-rich concentrate presented in a mash form. Broilers assigned to Treatments T2, T3, and T4 were introduced to the choice feeding system after 1, 3, and 5 wk, respectively, of being fed the complete diet. Therefore, their initial exposures to the choice situation for T2, T3, T4 were on Days 8, 22, and 36, respectively. The protein concentrate, based on soybean meal and fish meal, contained 43.7% CP and 2,348 kcal ME/kg feed. After preparing the protein concentrate, the complete diet was obtained by mixing adequate proportions of ground corn and protein concentrate ( Table 1 ). The complete diet was composed of 40% protein concentrate + 60% ground corn for the starter period (1 to 21 d) and 30% protein concentrate + 70% ground corn for the grower period (22 to 42 d). The composition and nutrient contents of the diets are presented in Table 1 .
Measurements
Adaptation to Choice Feeding During the Posthatch Period. Chicks were placed in the pens at 0800 h. Fifteen minutes thereafter, two feeders and one drinker were installed in each pen. For pens receiving separate feeding (T1), one of the feeders contained ground corn and the other one contained the protein concentrate. For T0, T2, T3, and T4, the complete diet was placed in both feeders. Feeders and drinkers were located in the middle of each pen. These positions, which were the same in each pen, were not changed during the experiment. During the first 8 h of presence in the new environment (pens), activities of the chicks were recorded each 30 min, beginning at 0830 h. A scan sampling technique was used to measure the percentage of time allocated to feeding activity (Yo et al., 1997) . During the 1st wk (1 to 7 d), daily feed consumption TABLE 2. Mean ± SD of feed intake (corn + concentrate), feed choice (percentage concentrate in the ingested diet), and nutritional composition of the diets ingested during the first week after hatch by chicks receiving choice feeding, Treatment T1 323.3 ± 58.6 216.7 ± 56.9 39.7 ± 9.0 22.2 ± 3.1 2,946 ± 87 7 400.0 ± 34.6 260.0 ± 43.6 39.3 ± 3.9 22.0 ± 1.4 2,954 ± 38 was measured in the T1 pens by weighing each feeder at 0800 h. The feed choice (percentage of protein concentrate or percentage of corn in the ingested diet) was calculated daily for each pen.
In order to measure short-term ability to adapt to choice situations, daily feed consumption of each pen was measured by weighing each feeder during the first 14 d of choice feeding for T2 and T3 and 7 d for T4. For T4, additional measurements were made immediately after the change of feed from complete to separate on Day 36. This method was used to evaluate duration of activities and characteristics of feeding bouts and pecking rhythms of broilers faced for the first time with a separate feeding situation. Each 30 min for the first 8 h of exposure to the new feeding system, the percentage of time allocated to: 1) eating, 2) drinking, 3) resting, and 4) other activities when standing on the litter that were neither eating nor drinking. The behavioral states and the scanning method have been described previously (Yo et al., 1997) . The percentage of chicks exhibiting a given activity in a pen was assumed to be equivalent to the mean percentage of time that each individual in the pen spent exhibiting the activity. Also, 20 feeding bouts were recorded on T4 (choice inexperienced) and 20 on T1 (choice experienced) broilers within 4 h after the change of the diet of the T4 chicks. Feeding bouts were recorded on a microcomputer using a behavioral observation package (Observer 3.0) edited by Noldus (1993) . The pecking rate (number of pecks per second of feeding) was calculated by dividing the total number of pecks given during a feeding bout by the duration (in seconds) of the feeding bout. In order to record enough feeding bouts on the same feed during this space of time, these observations were directed to only one feed (corn). Chicks were weighed as pen groups at 7 d and individually at 21, 35, and 42 d of age. When not measured daily, feed consumption was measured weekly for each pen.
Statistical Analysis
A one-way analysis of variance was performed on data related to production performances (body weight, feed intake, feed choice, and feed conversion). When significant F values for treatment effects were detected, treatment means were compared using the NewmanKeuls test at P = 0.05. Prior to analysis, percentages were transformed into arc sine square roots. Data related to bout duration, peck number, and pecking rate for T1 and T4 were analyzed using the Mann-Whitney mean comparison test. For the behavioral observations on the 1st d, the duration of activities measured on two consecutive periods of 30 min each were pooled for each pen and comparison between the two treatments was made using the x 2 test. Throughout the paper, differences at P ≤ 0.05 were considered significant.
RESULTS
Adaptation to Choice Feeding During the Posthatching Period (1 to 7 d)
Initial Pecking Experience. Reactions of day-old chicks exposed for the first time to a feeding situation show the first 2-h period was affected by the type of diet (Figure 1) . Chicks receiving the complete diet showed a latency of about 2 h before beginning to peck in the feed. They gradually increased the time spent with feeding activities to 48% by 7 h. In contrast, chicks under the choice situation exhibited a more rapid reaction to the presence of feeds. Time spent with feeding activities reached 12% within 30 min and 40% after 2 h, with a marked preference for corn during the initial period. Nearly all feeding activities during the first 4 h were exclusively focused on the corn feeder. After this period, chicks progressively left the corn feeder and focused their pecking activities on the protein concentrate for 3 to 4 h.
Feed Choice During the 1st wk. The composition of the ingested diet during the 1st wk after hatch for T1 chicks showed that on the 1st d, chicks ingested a low amount of concentrate (21.3%), which corresponded to 15.5% CP in the total ingested diet ( Table 2 ). The proportion of concentrate increased progressively to 34.1% (20.2% CP) on Day 2, and 50.4% (26.0% CP) on Day 3. On Day 4, the percentage of concentrate decreased slightly to 42.4% (23.1% CP) and remained relatively stable for the rest of the period (5 to 7 d). FIGURE 1. Evolution of the percentage of day-old chicks observed eating a complete diet (top) or eating corn and concentrate in choice (bottom) when they were exposed for the first time to a feeding situation. The number of chicks at each feeder was recorded every half hour. In the choice feeding situation the two graphs are cumulated (i.e., chicks exhibited very little activity on concentrate during the first 4 h). 
Adaptation of Chicks with Previous Feeding Experience
Short-Term Feed Choice. Feed choices made immediately after the introduction to separate feeding were measured daily for T2, T3, and T4 chicks. Chicks previously raised on the complete diet for 1 to 5 wk immediately adapted to choice feeding. At each age of introduction to choice feeding (8, 22, and 36 d), the inexperienced chicks exhibited a dietary preference which was not different from that of experienced T1 chicks, at the same age. In Figure 2 , feed choices made during the initial periods of choice feeding were joined for T1 (1 to 7 d); T2 (8 to 21 d); T3 (22 to 35 d); and T4 (36 to 42 d). The decreasing shape of the curve indicates that the percentage of protein concentrate in the selected diet declined progressively with age, even when chicks had no prior experience in choice feeding, suggesting that broilers adapt rapidly (< 24 h) to choice feeding.
Short-Term Behavioral Adaptation. Time spent eating and the pecking patterns of T4 broilers during the 1st d of choice feeding (Day 36) are compared to those of T1 broilers in Table 3 . During the initial period of choice feeding, the time spent in different activities were similar for the naive T4 and the adapted T1 chicks. Similarly, the mean time spent by naive broilers during each access to the corn feeder was not different from the pattern of their ± SD of body weight at different ages, feed intake from 1 to 42 d, and conversion ratios of feed, energy, and protein during the same period a-d Means ± SD in the same row with no common superscript differ significantly (P < 0.05). 1 Corn intake and concentrate intake on complete diet were calculated using the ratio 60:40 (corn:concentrate) for the starter period 1 to 21 d and the ratio 70:30 for the grower period 22 to 42 d.
2 Feed conversion, energy conversion, and protein conversion ratios were calculated by dividing respectively the total feed intake (grams), the total ME intake (kilocalories) and the total CP intake (grams) for the period 1 to 42 d by the weight gain for the same period. adapted counterparts. The naive chicks, however, pecked in the feed at a slower rate than adapted ones (1.02 ± 0.54 vs 1.55 ± 0.44), suggesting a longer period of observation of the feed between two consecutive pecks.
Feed Intake, Feed Selection, and Growth Performance
Mean data related to growth, feed intake, and choice, and feed conversion ratios are presented in Table 4 . The body weight of choice chicks (T1 and T2), although similar to those of the T0 controls at 7 and 21 d, were lower at 35 and 42 d. When chicks changed from complete diet to separate feeding at 22 and 36 d (T3 and T4), their body weights did not differ from those of T0 controls. Although total feed intake was similar across all treatments over the experimental period, chicks able to choose their diets selected diets with different levels of protein concentrate than that of the complete diet. For those chicks on the separate feeding throughout (T1), the proportion of concentrate voluntarily ingested during the starter period (1 to 21 d) was similar to the level of concentrate included in the control complete diet fed at this age (60% corn + 40% concentrate). For the following period (22 to 42 d), there was a preference that resulted in a lower intake of CP (16 to 17% CP), than in the control complete diet. This decrease in protein intake and of the vitamins and minerals included in the concentrate had a significant effect on growth. Feeding treatments, however, had no effect on the efficiency of the ingested diets, i.e., feed conversion ratio (grams of total feed:grams weight gain), protein conversion ratio (grams of CP: grams of weight gain), or energy conversion ratio (kilocalories of ME: grams of weight gain).
DISCUSSION
Under a feed choice situation, initial posthatch pecking experiences of chicks are not random. Day-old chicks offered simultaneous access to ground corn and a protein concentrate clearly showed a marked preference for corn during the first 4 h of exposure to external feed sources. Because they had no previous experience with the two feeds presented, the instantaneous preference for corn can be related to sensory characteristics. Several studies on the adaptation of chicks during the early posthatch period indicate that initial feed preferences are based on color, form, or size of feed particles, and on olfactory and tactile cues (Goodwin and Hess, 1969; Hausberger, 1992; Turro-Vincent, 1994) . Furthermore, it was suggested that chicks develop preferences for the first feed consumed (Burghardt, 1969) . Because in nature the first feed consumed is selected by the hen, this subsequent preference for the initial feed would result in chicks selecting a safe feed (Hale and Green, 1988) . In the present study, chicks ingested on Day 1, 79% corn and 21% concentrate (16% CP in the diet). The proportion of protein concentrate increased progressively to 40 to 45% of the ingested diet after 3 d of adaptation, resulting in diets with 22.5 to 24.3% CP. Similar results were reported by Turro-Vincent et al. (1994) , who offered to chicks at hatch a choice between a mash diet (24% CP) and residual yolk (51% CP).
These results confirm that early pecking preference are strongly influenced by sensory rewards. Because chicks can still be receiving all necessary nutrients from their residual yolk sac, the nutritional reward develops progressively as internal vitelline reserve is depleted (Workman and Rogers, 1990) . Young chicks are able to adequately adjust their feed intake at the age they begin to require exogenous nutrients in addition to those supplied by their yolk sac (Hale and Green, 1988) .
Broilers introduced at different ages (8 to 36 d) to choice feeding exhibited on the 1st d a choice that was similar to that of adapted chicks, demonstrating ability at these ages to adapt to a choice feeding situation in less than 24 h. Hence, a general hypothesis that chickens require a longer period of experience to adapt to choice feeding is not supported. Long adaptation periods have been reported when the change from complete diet to choice feeding was combined with a change of the feed particle size or feed composition (Mastika and Cumming, 1987; Yo et al., 1994) . The present results are consistent with those reported by Steinrü ck and Kirchgessner (1993) for laying hens.
The ability and spontaneity of chicks to select a nutritionally balanced diet lead to fundamental questions: what sensory cues are involved in the discrimination of the feed and which signals guide an individual to choose the adequate proportion of the feeds offered? Steinrü ck and Kirchgessner (1993) proposed that the immediate ability of selective protein intake shown by hens regardless of previous supply was mainly an innate (unlearned) drive to supply adequate amounts of protein. Our results do not lead to the same conclusion because behavioral observations showed that when first introduced to choice feeding, broilers pecked in the feeds at a much lower rate than experienced chicks. Subsequently, the naive chicks exhibited more time in the visual observation of the feed before pecking at the feeder, and probably in tactile assessment of feed particles with the beak before swallowing them. These data suggest that broilers actively evaluate the characteristics of the "new" feeds present in their environment, i.e., color, olfactory, tactile, and gustative cues. It may be that this quick assessment of the particles allows them to discriminate between feeds and to adapt their feeding behavior. It is well known that birds use vision to a great extent in making food choice (Hughes and WoodGush, 1971) , and visual cues are probably more useful than oral cues in chicks (Forbes and Shariatmadari, 1994) . Social experiences probably accelerate the adaptation of birds living in a group, because individuals in groups observe what conspecifics eat and then learn information that they will memorize and use again in later foraging sessions (Adret-Hausberger and Cumming, 1987) . Adret-Hausberger and Cumming (1987) concluded that when chicks are feeding in groups, some of them are "searchers" and others "copiers". From our results, it can be postulated that the quick acquisition of appropriate feeding behavior is probably accomplished through a combination of genetically influenced and actively learned behaviors (Hale and Green, 1988 ).
Broilers exposed to choice feeding from hatch (T1) choose during the first 3 wk a diet identical to the complete diet formulated for this age. There was, however, a dramatic decline in the level of protein concentrate consumed during the 22 to 42 d period. The low intake of CP probably accounted for the poorer growth observed with choice treatments. Similar results were reported by Yo et al. (1997) , Siegel et al. (1997) and Picard et al. (1997) . When measuring the effects of feed particle size on the feed choice, Yo et al. (1997) observed the lowest percentage of protein concentrate in the treatment with ground corn + mash concentrate and the highest percentage on the combination with whole grain + pelleted concentrate. They concluded that the relative acceptability of feed textures can play an important role in the effective choice of the birds. However, the "protein" concentrate used in the present experiment also contained vitamins, minerals, a coccidiostat, and zinc bacitracin, which might have interfered with the choice. In the choice situations tested by Siegel et al. (1997) and Picard et al. (1997) , equal amounts of minerals, vitamins, fat, and other additives were added to the cereal and the protein concentrate fractions. The evolution of the choice ratio with the age of the growing chicken suggests that protein requirement is a major drive even if other factors might have interfered.
It can be concluded that broiler chicks are able to adapt to choice feeding at every age. The existence of a residual yolk, however, probably constitutes a buffering source of nutrients that slows the adaptation of young chicks during the early period after hatch. When relying exclusively on the exogenous nutrients (feeds) chicks quickly evaluate the feeds present in their environment and adapt their feeding behavior (feed choice) to their internal requirements.
